Complex-Shape Springs 


297 


Using Eqs. (6.11) and (26.14), the displacement of the free end becomes 

(26.16) 

If the unsupported end AB of the spring is now constrained by guides to move 
in a vertical direction only as shown in the figure, the bending moment equation, 
Eq. (26.14), must be modified by introducing a constraining couple M f as a redun¬ 
dant and unknown quantity 

M = PR sin 0 - M { (26.17) 

Since, owing to the constraint, the angle of rotation of the end A must be equal to 
zero, the following expression can be used for calculating M f : 
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Solution of Eq. (26.18) with the aid of the bending moment relation, Eq. (26.17), 
gives M { = 2PR/3n, and the corresponding bending moment formula becomes 

M = PR Tsin# — —^ (26.19) 
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Again using Eq. (6.11), (26.19), and the partial derivative from Eq. (26.19) with 
respect to P gives 
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For the particular case considered, the constraint reduces downward deflection by 
about 9%. However, this effect is not constant and depends on the angle subtending 
the spring arc. It may be of interest to note that the maximum bending stress in 
the spring is still given by Eq. (26.16). The deflections can also be expressed as a 
function of stress for the free-end and the guided-end design conditions, giving 
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Design Problem 26.1 

A flat S spring, shown in Fig. 26.6, has width of cross section b and depth h. If the 
maximum bending stress 5b and the total deflection under load P are specified, determine 
a formula for the required minimum depth of cross section h. 



